MM' I III [III III 

(id EP 0 766 339 A2 



(12) EUROPEAN PATENT APPLICATION 

(43) Date of publication: (51) Int CI. 6 : H01Q 1/24 

02.04.1997 Bulletin 1997/14 

(21) Application number: 96660046.2 



(22) Date of filing: 16.08.1996 



(84) Designated Contracting States: 


(72) Inventor: Lehtola, Antero 


DE FR GB SE 


20100 Turku (Fl) 


(30) Priority: 26.09.1995 Fl 954552 


(74) Representative: Nordin, Leif 




Berggren Oy Ab, 


(71) Applicant: NOKIA MOBILE PHONES LTD. 


P.O. Box 16 


24101 Salo (Fl) 


00101 Helsinki (Fl) 



(54) Apparatus for connecting a radiotelephone to an external antenna 




Europaisches Palentamt 
European Patent Office 
Office europeen des brevets 



(57) The present invention concerns an apparatus 
for connecting a radio frequency signal between the in- 
tegral antenna (1) of the radio communication device 
and the external antenna (17), preferably a car antenna. 
The apparatus in accordance with the invention com- 
prises a resonant element (3), preferably a helical coil 
conductor having an electromagnetic coupling (4) with 
the antenna (1) of the radio communication device and 



its first connection point (5) being coupled capacitatively 
(6) with the ground plane (2) of the radio communication 
device and its second connection point (7) being con- 
nected with a coaxial conductor (8) to said external an- 
tenna (17). The apparatus in accordance with the inven- 
tion further comprises a matching element (10), prefer- 
ably a helical coil conductor coupled electromagnetical- 
ly to said antenna (1 ) and said resonant element (3). 
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Description 

The present invention concerns an apparatus for 
connecting a radio communication device, preferably a 
mobile phone of a cellular network to an external an- 
tenna. The invention is preferably applicable to connect- 
ing a mobile phone to a car antenna. 

To improve the usability of a mobile phone in a car, 
it is known in the art to use the so called car antenna 
outside the vehicle body, the mobile phone to be used 
in a car being connected to said antenna by means of 
a coaxial cable one end of which is provided with an RF 
connector. To this end, the mobile phone of prior art must 
have a counterpart of the said RF connector. The inte- 
gral mobile phone antenna must in that case be discon- 
nected, either by means of an automatic contact breaker 
linked with the said counterpart of the RF connector or 
bytheuserusinga separate contact breaker, so that no 
disturbances and losses would be caused by the simul- 
taneous use of the integral antenna and the car antenna. 

The said RF connector with its counterpart can form 
e. g. a usual coaxial connection based on a galvanic cou- 
pling, but this kind of solution is exposed to oxidation, 
dirt and wearing. Known in the art there is the Finnish 
patent publication No. 84536 and the corresponding EP 
publication No.O 399 975 that describe a solution, where 
the RF coupling between the mobile phone and the con- 
nector of the car equipment is provided capacitively 
through an equivalent pair of metal plates. This solution 
solves the above mentioned oxidation, dirtying and 
wearing problems, but it does not eliminate the need of 
a separate RF breaker for switching off the integral an- 
tenna of the mobile phone during car use. 

Known in the art there is the Patent No. GB-2 266 
997 providing a solution in accordance with figure 1, 
where connectpr B including a resonant element C is 
attached by means of a hook-and-loop type fastener or 
the like to the housing of the mobile phone A for a car 
use. By connecting the connector B to the mobile phone 
A, the said resonant element C is brought so close to 
the integral antenna D of the mobile phone that it has 
an electromagnetic coupling with the antenna and starts 
to resonate, so that it absorbs the RF power emitted by 
the mobile phone antenna D and transmitted by the co- 
axial cable E further to the car antenna. One drawback 
of this solution is the dependence of the connection be- 
tween the mobile phone antenna D and the resonant 
element C on their mutual location. Also, the external 
resonant element loads the mobile phone antenna elec- 
trically, whereby its resonance frequency falls and the 
coupling on the upper part of the frequency band to be 
used gets weaker. 

An object of the present invention is to provide an 
apparatus for connecting a radio communication device, 
preferably a mobile phone of a cellular network, to an 
external antenna so that the above mentioned draw- 
backs associated with the solutions of prior art could 
partly be avoided and partly reduced. Another object of 



the present invention is to provide an apparatus for con- 
necting the radio communication device to an external 
antenna without a separate change-over switch of the 
antenna. A still further object of the present invention is 

s to provide an apparatus for implementing the above 
mentioned coupling with minor losses. 

The object of the present invention can be attained 
by a construction releasably attached to the radio com- 
munication device, said construction comprising a res- 

10 onant element, an earthing element and a matching el- 
ement connected with each other in a way described in 
more detail in the following. 

The apparatus according to the present invention 
comprising a resonant element and signal transmission 

is means, said resonant element comprising a first and a 
second connection point, is characterized in that it has 
means for connecting the first connection point of said 
resonant element to the ground potential plane and 
means for connecting the second connection point to 

20 said signal transmission means. 

The invention is based on the idea that by means 
of an earthing element coupling capacitatively to the 
ground plane of the radio communication device and by 
means of a matching element coupled to the resonant 

25 element, a matching can be arranged for the resonant 
element that is coupled electromagnetically to the mo- 
bile phone antenna, through which the dependence of 
the coupling on the mutual location of the resonant ele- 
ment and the mobile phone antenna and also the trans- 

30 mission loss of the coupling can be considerably de- 
creased. 

The construction in accordance with the present in- 
vention will be described in more detail in the following 
in the light of one exemplified embodiment, with refer- 
35 ence to the accompanying drawings, wherein 

Figure 1 illustrates a known construction, where a 
resonant element is attached to the hous- 
ing of the mobile phone in order to achieve 
40 an electromagnetic coupling between it 

and the mobile phone antenna, 

Figure 2 is a circuit diagram of a connection ar- 
rangement according to the present in- 
45 vent ion, 

Figure 3 illustrates the structure of one embodi- 
ment of the present invention, 

50 Figure 4 illustrates schematically the coupling of 
the embodiment of figure 3 to the mobile 
phone, 

Figure 5a illustrates the structure of a second em- 
55 bodiment of the invention and coupling 

thereof to the mobile phone, and 

Figure 5b illustrates the structure of a third embodi- 
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ment of the invention and coupling thereof 
to the mobile phone. 

The construction of prior art according to figure 1 
was described in the foregoing, so that in the following, 
the embodiments of the present invention will be de- 
scribed primarily with reference to figures from 2 to 5. In 
the figures of the drawings the corresponding elements 
are identified by the same reference numbers. I n the fol- 
lowing, the radio communication device in connection 
of which the apparatus according to the present inven- 
tion is used, will be referred to as a mobile phone. 

In figure 2 the connection arrangement according 
to the present invention is illustrated as a circuit dia- 
gram. In the diagram there is the antenna 1 of the mobile 
phone, prelerably a helical coil conductor, forming a he- 
lix antenna in the proximity of the ground potential plane 

2 of the mobile phone. According to the invention, a res- 
onant element 3 will be disposed near the antenna, the 
resonant element also being preferably a helical coil 
conductor and its electric length being preferably a quar- 
ter of the used wavelength. There is an electromagnetic 
coupling 4 between the mobile phone antenna 1 and 
said resonant element 3, said coupling being of an in- 
ductive nature in the preferred embodiment. The reso- 
nant element 3 comprises a first connection point 5 that 
is in the exemplified embodiment at its lower end, the 
resonant element being connected therefrom to the 
ground plane 2 of the mobile phone by a capacitive cou- 
pling 6. 

The resonant element 3 comprises a second con- 
nection point 7, where it is connected to the coaxial ca- 
ble 8 to transmit the RF power coupled thereto to an 
external antenna, preferably to a car antenna 17. In- 
stead of a coaxial cable 8 a terminal could be used with 
a separate conductor connected thereto, or some other 
signal transmission means known in the art. Location of 
the second connection point 7 with respect to the ends 
of the resonant element 3 and specifically with respect 
to the first connection point 5 is determined so that the 
impedance of the connection arrangement in accord- 
ance with the invention is in the best possible way 
matched with the impedance of the external antenna. In 
one preferred embodiment, where the resonant element 

3 is a helix, the connection with the coaxial cable 8 is 
called tapping and it is located about one turn from the 
earthed end 5 of the helix. The sheath 9 of said coaxial 
cable is connected through the same capacitive cou- 
pling 6 to the ground plane of the mobile phone as the 
first connection point 5 of the resonant element 3. The 
capacitive coupling between the ground plane 2 of the 
mobile phone and the sheath 9 of the coaxial cable pre- 

. vents the body currents of the mobile phone from emit- 
ting disturbance signals. 

The connection arrangement in accordance with 

" the invention further comprises a matching element 10 
also located in the proximity of the mobile phone anten- 
na 1. It is preferably a resonant element, particularly a 



helix element, intended for decreasing the transmission 
loss being present in the arrangement. The matching 
element 10 couples through an electromagnetic cou- 
pling 11 particularly to the mobile phone antenna 1, but 

5 also through a somewhat weaker coupling 1 2 to the res- 
onant element 3, its electrical length being preferably a 
half of the used wavelength. It decreases radiation loss- 
es from the mobile phone antenna and increases the 
reflection loss of the arrangement in accordance with 

10 the present invention both from the direction of the mo- 
' bile phone antenna port 13 and from the direction of the 
external antenna 17, which decreases the transmission 
loss of the arrangement. 

Because the apparatus in accordance with the 

15 present invention is intended to be connected with a re- 
leasable connection to the mobile phone for use in a car 
or the like, it must have a compact construction and be 
connected with the mobile phone preferably trough a 
mechanical connection as simple as possible. Figure 3 

20 shows one embodiment, wherein the resonant element 
3 and the matching element 10 are helical coil conduc- 
tors, i.e. helixes. They have been covered by a non-con- 
ducting sheath 13 that forms a compact construction. 
The arrangement also includes an earth plate 14. It has 

25 been designed so that when the apparatus according to 
figure 3 is connected to a mobile phone (not shown), the 
earth plate 14 is in the proximity of some earthed, plate- 
like portion of the mobile phone, so that these two to- 
gether form a capacitive earth connection indicated in 

30 the circuit diagram of figure 2 by reference number 6. 
Aim of the capacitive coupling is to avoid drawbacks of 
the galvanic coupling described above in connection 
with the solution of prior art. The coaxial cable 8 is con- 
nected to the construction so that its inner conductor is 

35 connected to the tapping point 7 of the resonant element 
3 and its sheath 9 is connected to the earth plate 1 4 like 
also the first connection point 5 of the resonant element. 
If the electrical length of the earth plate 14 is a quarter 
of the wavelength, it also attenuates sheath currents 

40 transiting otherwise from the resonant element 3 to the 
antenna lead 8. The connection shown in figure 3 by 
which the earth plate 14 is connected to the rest of the 
construction is not essential for the invention but it just 
illustrates one possible implementation. 

45 in the embodiment of figure 3 the matching element 
is bent into a loop so as to fit it better inside the housing 
1 3 and to make a small construction. When the appara- 
tus according to figure 3 is connected to the mobile 
phone in a way described in figure 4, the resonant ele- 

50 ment 3 will be situated adjacent to the mobile phone an- 
tenna 1 and the other end of the matching element 10 
comes near the top of the mobile phone antenna 1 . In 
this way the required electromagnetic couplings can be 
achieved between the different elements. 

55 The embodiment of figure 3 is not the only way to 
locate the antenna 1 and elements 3 and 10 mutually in 
the arrangement according to the present invention. The 
housing 1 3 can be designed in accordance with figures 
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5a and 5b so that it has a cylindrical recess 15 (figure 
5a) or an aperture 16 (figure 5b), where the mobile 
phone antenna 1 is pushed to when the apparatus ac- 
cording to the invention and the mobile phone are fitted 
together. In this kind of an arrangement either the reso- 
nant element 3 or the matching element 10 or both of 
them can be disposed so that they are situated coaxially 
with the mobile phone antenna during the operation, ei- 
ther totally or partly overlapping it. In the embodiment of 
figure 5a the resonant element 3 is disposed adjacent 
to the mobile phone antenna 1 and the matching ele- 
ment 10 coaxially with the mobile phone antenna, and 
partly overlapping it. In the embodiment of figure 5b both 
the resonant element 3 and the matching element 10 
are positioned coaxially with the mobile phone antenna 
in a totally overlapping arrangement. Also in the embod- 
iment of figure 5a the matching element could be bent 
into a loop for the part that it is not situated around the 
recess 15 and thus overlapping the mobile phone an- 
tenna 1 . The embodiments of figures 5a and 5b only ex- 
emplify the mutual position of the antenna 1 and the el- 
ements 3, 10 and owing to the clarity the other parts of 
the apparatus in accordance with the invention have 
been left out. 

The invention is of significant advantage compared 
with the solutions of prior art. The mobile phone does 
not have to be equipped with any special components 
for car use, which decreases production costs of the 
phone and saves space. The arrangement according to 
the invention has no connection surfaces exposed to 
dirt, oxidation or wearing, which improves its reliability 
in use. With the solution according to the invention, a 
smaller transmission loss will be gained when connect- 
ing the mobile phone to the external antenna than with 
devices of prior art, and it operates well in the whole 
frequency range e.g. in the GSM system, for the mobile 
phones of which it is especially suitable. When the ele- 
ments mentioned above in the detailed description of 
the invention are suitably designed, the invention will be 
applicable to many other systems and to several fre- 
quency ranges. 



Claims 

1 . An apparatus for connecting a radio communication 
device equipped with a first antenna (1 ) to a second 
antenna (17), said apparatus comprising 

a resonant element (3) for transferring radio 
power through an electromagnetic coupling (4) 
between said first antenna and said resonant 
element (3), said resonant element comprising 
a first connection point (5) and a second con- 
nection point (7), and 

signal transmission means (8) for transmitting 
the radio power between said resonant element 
(3) and said second antenna (17), 



characterized in, that 

it comprises means (14) for electrically connecting 
the first connection point (5) of said resonant ele- 
ment (3) to the ground potential plane (2) of said 
s radio communication device and for connecting the 

second connection point (7) to said signal transmis- 
sion means (8). 

2. An apparatus in accordance with claim 1, charac- 
10 terized in, that it comprises means (14) for connect- 
ing said first connection point (5) through a capac- 
ftive coupling (6) to said ground potential plane (2). 

3. An apparatus in accordance with claim 2, charac- 
is terized in, that said means for connecting said first 

connection point (5) through a capacftive coupling 
to said ground potential plane (2) include an earth 
plate (14), the electric length of which is substan- 
tially a quarter of the wavelength that corresponds 
20 the operational frequency of said radio communica- 
tion device. 

4. An apparatus in accordance with any of the forego- 
ing claims, characterized in that it further compris- 
es es a matching element (10), electromagnetically 

couplable to said first antenna (1 ). 

5. An apparatus in accordance with claim 4, charac- 
terized in that said matching element (10) addition- 

30 ally couples electromagnetically to said resonant el- 
ement (3). 

6. An apparatus in accordance with any of the forego- 
ing claims, characterized in that said resonant el- 

35 ement (3) is a helical coil conductor, the electric 
length of which is substantially a quarter of the 
wavelength that corresponds the operational fre- 
quency of said radio communication device. 

40 7. An apparatus in accordance with claim 4, 5 or 6, 
characterized in that said matching element (10) 
is a helical coil conductor, the electric length of 
which is substantially a half of the wavelength that 
corresponds the operational frequency of said radio 

45 communication device. 

8. An apparatus in accordance with any of the forego- 
ing claims, characterized in that said signal trans- 
mission means (8) comprise a coaxial cable, the 

so sheath (9) of which, made of some conducting ma- 
terial, is connected to said first connection point (5). 

9. An apparatus in accordance with any of the forego- 
ing claims, characterized in that it is attachable to 

55 said radio communication device by means of a re- 

leasable connection. 

1 0. An apparatus in accordance with any of the forego- 
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ing claims, characterized in that when it is attached 
to said radio communication device, said resonant 
element (3) is situated coaxially with said first an- 
tenna (1). 

5 

11. An apparatus in accordance with any of the forego- 
ing claims, characterized in that when it is attached 
to said radio communication device, said resonant 
element (3) is disposed in the proximity of said first 
§L nte nna_(1). _ 7C 

12. An apparatus in accordance with any of the forego- 
ing claims, characterized in that said matching el- 
ement (10) comprises a portion that is situated co- 
axially with said first antenna (1) when said appa- 
ratus is attached to said radio communication de- 
vice. 
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(57) The present invention concerns an apparatus 
for connecting a radio frequency signal between the in- 
tegral antenna (1) of the radio communication device 
and the external antenna (1 7), preferably a car antenna. 
The apparatus in accordance with the invention com- 
prises a resonant element (3), preferably a helical coil 
conductor having an electromagnetic coupling (4) with 
the antenna (1) of the radio communication device and 



its first connection point (5) being coupled capacitatively 
(6) with the ground plane (2) of the radio communication 
device and its second connection point (7) being con- 
nected with a coaxial conductor (8) to said external an- 
tenna (17). The apparatus in accordance with the inven- 
tion further comprises a matching element (10), prefer- 
ably a helical coil conductor coupled electromagnetical- 
ly to said antenna (1 ) and said resonant element (3). 
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